Franklin Lakes, NJ, USA). Samples (1 g) were shaken with 9 ml of sterilized anaerobic diluent (Mitsuoka, 1980) , and 10
Ϫ1
-10 Ϫ8 serial dilutions were made in the same diluent. From each dilution, 50 ml of suspension was spread on blood liver (BL) agar (Nissuiseiyaku Ltd., Tokyo, Japan), Eggerth-Gagnon (EG) agar (Eiken-kagaku Ltd., Tokyo, Japan), trypticase soy blood (TS) agar (Becton Dickinson Microbiology System, Cockeysville, MD, USA), and MRS broth (Difco Laboratories, Detroit, MI, USA) containing 1.5% (w/v) agar. These were then incubated at 30°C for 2 d in an anaerobic steel-wool jar (Hirayama Manufacturing Corporation, Tokyo, Japan) under an atmosphere of 100% CO 2 . Approximately 20 colonies were isolated at random from the agar plates. Bacteria were counted after morphological observation, Gram staining, catalase reaction, spore formation, nitrate reduction, and fermentation-type test.
A total of 54 strains shown in Table 2 were isolated from the intestines of common carp and freshwater prawns. Pure cultures were grown in MRS agar at 30°C for 24 h, collected with nutrient broth (Difco) and dimethyl sulfoxide in a ratio of 9 : 1 and stored as stock cultures at Ϫ80°C for further examination. The type strains of Enterococcus, Pediococcus, and Lactococcus were obtained from the Japan Collection of Microorganisms (JCM), the Physical and Chemical Research Institute, Wako, Japan.
Morphological, physiological, and biochemical tests. Gram staining, morphology, catalase activity, spore formation, motility, nitrite reduction, and gas production from glucose were determined as described by Kozaki et al. (1992) . Growth at different temperatures was observed in MRS broth after incubation at 10, 15, 45 and 50°C for 7 d. Bile tolerance of LAB was tested by using MRS broth containing 10, 20, 30 and 40% (w/v) bile at 30°C for 7 d. Salt tolerance of LAB was tested by using MRS broth containing 3.0 and 6.5% (w/v) NaCl at 30°C for 7 d. Growth of LAB at pH 3. 0, 3.5, 4.0, 5.0, 6.0, 7.0, 8.0, 9 .0, and 9.6 was observed in MRS broth after incubation at 30°C for 7 d. Twentytwo sugars, as shown in Table 3 , were tested in liver broth (LB) basal medium (Mitsuoka, 1969) containing 0.5% (w/v) sugar. The LB basal medium comprised 1 L of 0.55% (w/v) Bacto-Liver (Difco) solution, 10 g proteose peptone No.3 (Difco), 5 g trypticase (Becton Dickinson and Company, Cockeysville, MD, USA), 3 g yeast extract (Difco), 1 g Tween 80, 5 ml salts solution, 0.2 g L-cysteine · HCl · H 2 O, and 1,000 ml distilled water; the pH was adjusted to 7.2. The salt solution contained 10 g MgSO 4 · 7 H 2 O, 0.5 g FeSO 4 · 7 H 2 O, 0.5 g NaCl, 0.3 g MnSO 4 and 250 ml distilled water. For testing the sugar fermentations, strains were cultivated in LB broth at 30°C for 24 h, and the broth was then diluted tenfold with sterile 0.85% (w/v) NaCl solution. Sugar fermentation patterns were examined by using a Semi-Automatic System for bacterial identification as described by Benno (1996) . The isomers of lactic acid formed from glucose were determined by enzymatic analysis according to a UV method (F-kit, D-lactic/L-lactic acid; Boehringer Mannheim GmbH, Mannheim, Germany).
16S rRNA sequencing. The 16S rRNA sequence coding region of strains E 1, E 7, and E 26 was amplified by polymerase chain reaction (PCR) by using a TaKaRa PCR ThermalCycler (Takara Shuzo Co., Ltd., Ohtsu, Japan) as described by Suzuki et al. (1996) . The sequences of the PCR products were determined directly by using an ALFexpressTM AutoCycleTM Sequence Kit (Pharmacia Biotech, Piscataway, NJ, USA) with the prokaryotic 16S rDNA universal primers 27F and 1492R, as described by Suzuki et al. (1996) . The 16S rDNA sequence of Lactococcus garvieae E 1, Pediococcus acidilactici E 7, and Enterococcus faecium E 26 were deposited in the DNA Data Bank of Japan (DDBJ). Nucleotide substitution rates (K nuc values) were calculated (Kimura and Ohta, 1972) , and the phylogenetic tree was constructed by the neighborjoining method (Saitou and Nei, 1987) . The topology of trees was evaluated by bootstrap analysis of the sequence data with CLUSTAL W software (Thompson et al., 1994) n, the number of strains. a Strains isolated from common carp, others from freshwater prawns. Table 3 . Characteristics of LAB isolated from the intestines of common carp and freshwater prawns.
Catalase production
Growth at pH 3.5
All strains were Gram-positive, catalase-negative, and homofermentative chain or tetrad cocci that produced acid from glucose, mannose, fructose, galactose, esculin, cellobiose, salicin and amygdalin. ϩ, positive; Ϫ, negative; w, weakly positive; nd, not detected. Tests were performed by using the Semi-Automatic Identification System, and reactions were determined at 30°C for 7 d. Saito and Miura (1963) . DNA base composition was determined by the method of Tamaoka and Komagata (1984) by using high-performance liquid chromatography following enzymatic digestion of DNA to deoxyribonucleosides. The equimolar mixture of four deoxyribonucleotides in a Yamasa GC Kit (Yamasa Shoyu Co., Ltd., Choshi, Japan) was used as the quantitative standard. The DNA-DNA relatedness was determined by the method of Ezaki et al. (1989) by using photobiotin and microplates.
Results
Counts of intestinal LAB are shown in Table 1 . Overall, there were 10 7 -10 8 cfu/g in the intestines of the common carp and freshwater prawns. The physiological and biochemical characteristics of the intestinal LAB are shown in Table 3 . All isolates were Grampositive, catalase-negative, facultatively anaerobic, nonmotile and nonspore-forming cocci that did not produce gas from glucose and formed DL or L(ϩ) lactic acid only. Most strains had the ability to grow in 6.5% (w/v) NaCl and 40% (w/v) bile broth and in broth at pH 9.6. These strains were divided into six groups on the basis of sugar fermentation. The results of the carbohydrate fermentation tests were similar for groups A to D. Group A strains were unable to utilize sucrose, lactose and mannitol, whereas group D gave positive reactions. Group C produced acid from sucrose and mannitol, and group B was mannitol-negative. The strains in groups A, B, C, and D were found to be similar to Enterococcus durans JCM 8725
T and Lactococcus garvieae JCM 10103 T , phenotypically. However, Enterococcus durans JCM 8725 T was different from these groups in acid production from melezitose, but no acid from trehalose. Groups E and F were distinguished from groups A, B, C, and D. Group E produced acid from arabinose, melibiose, raffinose, melezitose, and sorbitol, and group F did not produce from ribose, cellobiose, esculin, salicin, and amygdalin. The sugar fermentation patterns of group F was similar to Enterococcus faecium JCM 5804 T , but group E was quite different from any type strain of the previously described species. Groups A, B, C, and D contained 40 isolates, which were the dominant population, and they accounted for 90.7% of the isolates. Strains in groups A, B, C, D, and F were Gram-positive, catalase-negative, short chain-forming cocci that did not produce gas from glucose and that formed L(ϩ) lactic acid only. Strains in group E were Grampositive and catalase-negative and produced DL lactic acid from glucose. These properties showed that the strains in groups A, B, C, D, and F belonged to lactococci or enterococci, and the strains in group E belonged to pediococci.
The almost complete sequence (more than 1,500 bases) of isolates E 1, E 7, and E 26 were determined. They have been deposited in the DDBJ data base under accession numbers AB018211, AB018210, and AB018212, respectively. The level of sequence similarity and phylogenetic tree are shown in Table 4 and Fig. 1 . Sequences of the representative strains E 1, E 7, and E 26 were recovered in phylogenetic clusters comprising the genera Lactococcus, Enterococcus, and Pediococcus, and these clusters were recovered in 100, 96.4, and 100% of bootstrap analysis, respectively. Lactococcus garvieae JCM 10103 T , Pediococcus acidilactici JCM 8797 T , and Enterococcus faecium JCM 5804
T were the most closely related species with the strains E 1, E 7, and E 26 in the phylogenetic tree, and they showed high-sequence homology value (Ͼ98%) with one another.
DNA base compositions and levels of DNA-DNA homology for Lactobacillus, Pediococcus, and Enterococcus species are shown in Table 5 . Strains E 1, E 21, E 27, and E 34 from groups A, B, C, and D had a GϩC content range of 38.8-40.2 mol%. Strains E 7 and E 26 from groups E and F had a GϩC content 41.3 and 38.1 mol%. The data are within the range of 36 to 44 mol% GϩC for the genera Lactococcus, Pediococcus, and Enterococcus. Strains in groups A, B, C, and D were 73.6 to 88.3% homologous with their representative strains, showing that these groups were composed of a single species, which had higher level of DNA relatedness (Ͼ78.4) to the type strain of Lactococcus garvieae. The homology values of strains E 7 and E 26 were 92.9 and 91.5% reassociation with the type strains of Pediococcus acidilactici and Enterococcus faecium, which were low (Ͻ24.3%) versus other type strains of the previously described species.
Discussion
LAB are a major component of the microbial flora that develop in various animal intestines (Devriese et al., 1987; Mitsuoka, 1980) . Isolates from the intestines of animals have been identified as Enterococcus faecalis, Enterococcus faecium, Enterococcus hirae, Enterococcus durans, and Weissella hellenica (Cai et al., 1998; Devriese et al., 1987) . In the present study, all isolates were isolated from the intestines of common carp and freshwater prawns at a level of 10 7 Ϫ10 8 cfu/g. Following their morphological and physiological characteristics, the strains in groups A, B, C, D, and F were considered to be enterococci or lactococci, and group E was pediococci. As shown in Table 2 , the strains in group F were found to be phenotypically similar to Enterococcus faecium JCM 5804 T . However, other groups were quite different from the type strains of the previously described species and could not be identified down to a species level on the basis of phenotypical characteristics.
The genetic interrelationships of members of the LAB have been studied extensively by using 16S rRNA sequence analysis and DNA-DNA hybridization experiments, and new genus and species have been added (Collins et al., 1984 (Collins et al., , 1989 Farrow and Collins, 1985) . Recent results clearly indicated that the genera Enterococcus, Leuconostoc, Weissella, and Lactococcus exhibited a high degree of sequence similarity with one another and formed a phylogenetically coherent group that was quite separate from other bacteria (Cai and Collins, 1994; Collins et al., 1989 Collins et al., , 1990 . In the present study, strains E 1, E 7, and E 26 from groups A, E, and F were placed in the genera Lactococcus, Pediococcus, and Enterococcus in the phylogenetic tree, respectively, and showed that these strains could be identified as belonging to the Lactococcus, Pediococcus, and Enterococcus species, respectively. As shown in Table 5 , the DNA-DNA hybridization results demonstrated that strains in groups A (including groups B, C, and D), E, and F could be assigned to Lactococcus garvieae, Pediococcus acidilactici, and Enterococcus faecium, respectively. This is the first report of the identification of P. acidilactici strains from common carp and freshwater prawns.
Lactococcus garvieae is an emerging zoonotic pathogen that has been isolated from cattle, fish, and humans (Carson et al., 1993; Elliott et al., 1991; Kusuda et al., 1991; Zlotkin et al., 1998) . With the development of intensive aquaculture, streptococcal infections of fish have become a major worldwide problem. Lactococcus garvieae has shown to be a major fish pathogen (Elliott et al., 1991; Kusuda et al., 1991; Zlotkin et al., 1998) . In our studies, however, Lactococcus garvieae was frequently isolated from the intestines of healthy carp and prawns. The reason for this is unclear. Perhaps this organism was often present in the intestines of carp and prawns. Further study is needed to clarify the relationship of fish pathogenicity and this bacterium.
Enterococcus faecium has often been isolated from animal and plant materials, and Pediococcus acidilactici from fermenting plant material. They play an important role as probiotics in human and animal health (Perdigon et al., 1995; Salminen and Wright, 1998) . Generally, probiotic bacteria must fulfill the following conditions: a normal inhabitant of the gut; ability to adhere to the intestinal epithelium, thus overcoming potential hurdles such as the low pH of the stomach; the presence of bile acids in the intestines; and competition with other microorganisms in the gastrointestinal tract (Chateau et al., 1993; Salminen and Wright, 1998) . Byun et al. (1997) reported that Weissella hellenica DS-12 isolated from a flounder can inhibit some fish pathogens and also is resistance to bile, salt, and acid. In the present experiment, Pediococcus acidilactici E 7 and Enterococcus faecium E 26 were isolated from carp and prawns in small numbers, but they could grow at pH 9.6 and in 6.5% (w/v) NaCl and 40% (w/v) bile and were able to grow at high temperature (50 or 45°C) and low pH (4.0) conditions. Therefore these strains would be expected to have some probiotic characteristics for fish.
The results obtained in the present study demonstrate that isolates from common carp and freshwater prawns could be identified as Lactococcus garvieae, Pediococcus acidilactici, and Enterococcus faecium. Lactococcus garvieae was the most dominant population in the intestine of common carp and freshwater prawns.
